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Abstract.  Schistosomiasis control efforts mainly target school-aged children. We studied the epidemiology of schis-
tosomiasis in two high-risk communities in south Céte d’Ivoire, placing particular emphasis on pre-school-aged children.
We used a suite of diagnostic techniques, including Kato—Katz, urine filtration, reagent strips, and urine circulating cathodic
antigen cassettes. Risk factors for schistosomiasis were determined by focus group discussions and a structured question-
naire. The prevalence of Schistosoma mansoni in the two study villages among the pre-school-aged children (age < 6 years)
was 20.9% and 25.0%, whereas several-fold higher prevalences were found in school-aged children (58.7-68.4%) and
adolescents/adults (59.5-61.7%). The prevalence of S. haematobium in the three age groups was 5.9-17.3%, 10.9-18.4%,
and 3.8-21.3%, respectively. Most participants had light-intensity infections. Mothers’ occupations and older siblings play
important roles in the epidemiology of schistosomiasis in pre-schoolers. In the current epidemiologic settings, more

attention is warranted on pre-school-aged children and adolescents/adults for successful schistosomiasis control.

INTRODUCTION

Schistosomiasis remains of considerable public health impor-
tance in sub-Saharan Africa.!™* It is widely acknowledged
that schistosomiasis infection prevalence and intensity curves
show peaks in children aged 6-15 years, and then, prevalence
and intensities decline gradually with age.>® Hence, the cur-
rent global strategy emphasizes preventive chemotherapy (i.e.,
regular administration of the anthelmintic drug praziquantel),
which is primarily targeted to school-aged children. Con-
versely, pre-school-aged children (below the age of 5 or 6 years)
and adolescents/adults (16 years and above) are often neglected
from preventive chemotherapy. Justification for the exclusion
of the latter age group is given by the lower frequency of
water contact compared with school-aged children and the
development of an acquired protective immunity against
schistosomiasis.””® With regard to pre-school-aged children,
they are thought to be at low risk of schistosomiasis because
of infrequent contact with freshwater bodies. Moreover, there
is a paucity of pharmacokinetic data, including safety, on
praziquantel in the pre-school-aged child population.'®!!
Finally, the current lack of an appropriate formulation (e.g.,
syrup) of praziquantel for young children'? is an important
barrier for the inclusion of pre-school-aged children in pre-
ventive chemotherapy campaigns.

However, there is growing recognition that, in areas of
high endemicity, pre-schoolers are at considerable risk of
schistosomiasis.'>~'* Hence, discussions are underway whether
pre-school-aged children should be included in preventive
chemotherapy campaigns, at least in areas that are highly
endemic. Recent studies carried out in the Azaguié district,
south Cote d’Ivoire, revealed that both Schistosoma mansoni
and S. haematobium coexist, and particularly high levels of
coinfections were found in the villages of Azaguié Makouguié
and Azaguié M’Bromé.'>'® However, the epidemiology of
schistosomiasis and risk factors for early childhood infection
have not been investigated in this part of Cote d’Ivoire. To
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fill this gap, we designed a cross-sectional parasitologic and
questionnaire survey to determine the prevalence and inten-
sity of S. mansoni and S. haematobium infection in pre-school—-
aged children, including risk factors for early child infection.
For comparison, we also screened older individuals (school—
aged children and adolescents/adults) for schistosome infec-
tions. Our findings are discussed in the frame of integrated
schistosomiasis control and indeed, new efforts that aim at
elimination of schistosomiasis.'”

MATERIALS AND METHODS

Ethical consideration and treatment. Ethical clearance was
obtained from the Ministry of Health and Public Hygiene
of Cote d’Ivoire (reference no. 4248/2010/MSHP/CNER).
Village authorities were informed, and after they had agreed,
the objectives, procedures, and potential risks and benefits of
the study were explained to the heads of households by three
of the authors (J.T.C., Y.K.N., and E.K.N.). Written informed
consent or fingerprints (of illiterate people) were obtained
from participants aged 16 years and above and parents or
legal guardians on behalf of children (age < 16 years).

At the end of the study, free anthelmintic treatment was
offered to the whole population in both villages (i.e.,
praziquantel, 40 mg/kg body weight using a dose pole against
schistosomiasis; albendazole, 400 mg against soil-transmitted
helminthiasis). For children aged < 6 years, praziquantel was
given according to their weight using crushed 600-mg tablets;
results on the efficacy and safety of crushed praziquantel
tablets have been reported elsewhere.'®

Study area. The study was carried out between June and
September of 2011 in two villages, Azaguié Makouguié
(geographic coordinates 05°37'33" N latitude, 04°09' 04" W lon-
gitude) and Azaguié M’Bromé (05°39'42" N, 04°08'38" W),
both located in the district of Azaguié, south Cote d’Ivoire.
Subsistence farming is the main economic activity in both
villages. Many households lack access to permanent clean
water, and open defection is frequently practiced. S. mansoni
and S. haematobium are coendemic in this area.'®®

Population census and sample size calculation. A detailed
census was carried out in June of 2011 as follows. After
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discussions with village authorities, four community members
in each of the two villages were trained to conduct the census.
All households were visited, and sociodemographic character-
istics were collected (e.g., name, age, sex, relationship with
household head, and main activity of each individual). The
primary source for obtaining the children’s age was their birth
certificate. In cases where birth certificates were not avail-
able, we checked the children’s vaccination card, which
includes the birth date. The age of children without any of
these two official documents was declared by the mothers.
Unique identifiers (IDs) were attached to all households and
the individual inhabitants. As a household, we considered a
structure where people regularly share their food (most com-
monly, the household was a male household head, a woman,
and the parents’ children). The village census revealed 931
and 783 individuals in Azaguié M’Bromé and Azaguié
Makouguié, respectively. Among them, there were 209 children
below the age of 6 years in Azaguié M’Bromé and 158 children
below the age of 6 years in Azaguié Makouguié.

Sample size calculation for pre-school-aged children was
done as follows. First, we assumed a prevalence of Schistosoma
(either S. mansoni or S. haematobium) of 20% among
pre-school-aged children (i.e., approximately one-quarter of
the 80% S. mansoni infection prevalence observed in school—
aged children in Azaguié in 2010).'® Second, we allowed for a
relatively low compliance rate (70%) because of the difficulty
of obtaining stool and urine samples from pre-school-aged
children. Third, we considered an a-error of 5%. Thus, we
needed approximately 300 pre-school-aged children. Because
the total number of pre-school-aged children in the two vil-
lages was only slightly higher, we decided to invite all of them.
For the sample size in the older age group (> 6 years), one-
quarter of the total population was selected in each village
(drawing every fourth household member using random num-
ber lists). Whenever the selection fell onto a pre-school-aged
child, we selected the next individual until we reached the
required sample size.

Field procedures. The geographic coordinates of all house-
holds where at least one pre-school-aged child was registered
and water contact points were recorded using a handheld
global positioning system (GPS) device (Garmin GPS map
62 ST; Bucher+Walt SA, St-Blaise, Switzerland).

Pre-school-aged children were asked to provide two stool
and two urine samples over consecutive days. The day before
sample collection, children’s mothers/guardians were given
two empty containers, one for stool collection and one for
urine collection. Filled containers (small portion of stool and
at least 10 mL urine) were collected and labeled with unique
IDs, and mothers/guardians were issued new empty con-
tainers for sample collection the next day. Given the difficulty
of collecting biological samples in this age group, mothers/
guardians were allowed to obtain samples from their young
children at any time of the day (usually in the early morning
hours). To have comparable data, stool and urine samples
from older participants (school-aged children, adolescents,
and adults) were also collected in the morning hours.

Laboratory procedures. Stool and urine samples were trans-
ferred to a laboratory in the Azaguié health center. Diagnostic
work-up was completed on the day of sample collection.!®®
Duplicate Kato—Katz thick smears, using 41.7-mg templates, '’
were prepared on microscope slides from each stool sample.
Hence, our diagnostic approach consisted of quadruplicate

Kato-Katz thick smears (two stool samples each subjected
to duplicate Kato—Katz). The slides were allowed to clear for
at least 30 minutes before microscopic examination for eggs
of S. mansoni and soil-transmitted helminths by an experi-
enced laboratory technician.

Four hundred eighty-eight urine samples were examined
as follows. First, the samples were visually inspected and
classified into clear, cloudy, or bloody (macrohematuria).
Second, microhematuria was determined using reagent strips
(Combur-test; Roche Diagnostics, Basel, Switzerland) using
a semiquantitative assessment scheme: negative, 1+ (approx-
imately 5-10 erythrocytes/uL urine), 2+ (approximately
25 erythrocytes/uL urine), 3+ (approximately 50 erythrocytes/
pL urine), and 4+ (approximately 250 erythrocytes/uL urine).
Third, urine samples were subjected to a circulating cathodic
antigen (CCA) cassette test (Rapid Medical, Pretoria, South
Africa) for S. mansoni diagnosis.'® Fourth, samples were
subjected to a filtration method. In brief, samples were vigor-
ously shaken, 10 mL were filtered using small-sized filters
(aperture = 20 pm; Sefar, Heiden, Switzerland), samples were
placed on a slide, and S. haematobium eggs were enumerated
under a microscope by an experienced laboratory technician.

Questionnaire survey and focus group discussions. A struc-
tured questionnaire was administered to mothers/guardians of
pre-school-aged children to determine risk factors for schis-
tosomiasis. Before administration, our questionnaire was pre-
tested with six women not otherwise involved in the study.
The interviews were conducted in the local language (Abbey)
by trained enumerators. Mothers/guardians’ education and
profession, knowledge about schistosomiasis, recent history
of migration, personal hygiene, common playing and recrea-
tional activities (placing particular emphasis on water activities
of their children), and access to healthcare were determined.

Subsequently, in each village, based on the parasitological
data, one focus group discussion (FGD) was done with
mothers/guardians of Schistosoma-infected pre-school-aged
children, and a second FGD was done with mothers/guardians
of non-infected children. The FGDs were built around
occupational, bathing, washing, cooking, and recreational
behaviors of the mothers/guardians and the children for
whom they care.

Statistical analysis. Parasitological and questionnaire data
were entered two times into an Excel spreadsheet, transferred
onto Epilnfo 3.2 (Centers for Disease Control and Prevention,
Atlanta, GA), and cross-checked. All analyses were carried
out in STATA version 10 (Stata Corp., College Station, TX).
Participants with complete parasitologic data (i.e., quadrupli-
cate Kato—Katz thick smears and duplicate urine filtration for
all participants and an additional two urine CCA tests and
two reagent strips [for microhematuria] for pre-school-aged
children) were included in the final analysis. Means and pro-
portions of interest were calculated, and comparisons were
done using Kruskal-Wallis and Pearson’s 3~ tests.

The intensity of S. mansoni was expressed as eggs per 1 g stool
(EPG) and categorized into light (1-99 EPG), moderate (100-
399 EPG), and heavy (> 400 EPG) infections. The intensity of
S. haematobium infection was grouped into light (1-49 eggs/
10 mL urine) and heavy (> 50 eggs/10 mL urine) infections.

We used a logistic regression model to assess significant
associations between a Schistosoma infection and sex, age,
village, and mothers/guardians behavioral factors. For both
Schistosoma species, a baseline model was established,
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with infected pre-school-aged children defined as cases.
Sex (as binary variable), age (as categorical variable), village
(as binary variable), and mothers/guardians’ behavioral fac-
tors (as binary or categorical variable) were incorporated
into the model. A backward elimination approach was used,
and non-significant associations (P > 0.2) were removed one
at a time. Adjusted odds ratios (ORs), including 95% confi-
dence intervals (CIs), were calculated.

To establish village-specific schistosomiasis risk maps
for pre-schoolers, the geographic coordinates of each house-
hold inhabited by at least one child younger than 6 years
and the water contact points indicated by the mothers/
guardians were transformed into a universal transverse
mercator (UTM) system and transferred into ArcView 3.2
(ESRI, Redlands, CA). Pre-school-aged children were
stratified into schistosome-free, single species infection with
either S. mansoni or S. haematobium, or coinfection with both
schistosome species.

RESULTS

Study adherence. Figure 1 shows that 783 individuals were
selected from both villages: 429 (54.8%) in Azaguié M’Bromé
and 354 in Azagui¢ Makouguié. In Azaguié M’Bromé, there
were 209 pre-school-aged children and 220 participants aged
6 years and above. In Azagui¢ Makouguié, there were 158 pre-
schoolers and 196 older participants. Overall, 242 and 259 indi-
viduals had complete parasitologic data (i.e., quadruplicate
Kato—Katz thick smears and two urine filtrations and for
pre-school-aged children, two additional CCA cassette tests
and two reagent strips) in Azagui¢é Makouguié and Azaguié
M’Bromé, respectively.

Demographic characteristics. Table 1 summarizes the
demographic characteristics of the study population stratified
by pre-school-aged children (< 6 years), school-aged children
(6-15 years), and adolescents/adults (> 15 years). Overall, the
age of the pre-school-aged children ranged from 3 months to

All participants selected from both villages
n=783
(M =386, 49.3%: F =397, 50.7%)

\:

Azagui¢ Makouguié
n= 354
(M =181, 51.1%: F = 173, 48.9%)

\: v

Azaguié M'Bromé
n=429
(M = 205, 47.8%; F = 224, 52.2%)

v v

6 years =6 years
n=158 n=196
M=69.F=189) (M=112:F=84)

<06 years =6 years
n=209 n=220
(M=98.F=111) (M=107;:F =113)

Absent during Absent during

the survey the survey
K n=20 n=>53 &
M=T7.F=13) (M=34F=19)

< 2 stool samples < 2 stool samples
—>1 n=38 n=10 <
(M=3;F=35) M=4F=06)

< 2 urine samples < 2 urine samples
> n=20 n=1 <
M=7,F=13) M=1.F=0)

K n=22 n=77 <

> n=24 n=16 [<—

> n=29 n=2 f<—

Absent during
the survey

Absent during
the survey

(M=8.F=14) (M= 41; F = 36)

< 2 stool samples < 2 stool samples

(M=11;F=13) (M=10:F=6)

< 2 urine samples < 2 urine samples

M=17F=12) M=2F=0)

6 years with > 6 years with
complete data complete data
n=110 n=132
(M =532 F =58) M=73,F=39)

< 6 years with = 6 years with
complete data complete data
n=134 n=125
M=062F=72) M=54F=T71)

| |
v

Participants from Azaguié Makouguié with
complete data
n=242
(M= 125,51.7%: F = 117, 48.3%)

v

| |
v

Participats from Azagui¢ M'Bromé with
complete data
n=259
(M =116, 44.8%; F = 143, 55.2%)

v

Participants with complete data from both villages with complete data records
n =501
(M= 241, 48.1%: F = 260, 51.9%)

Ficure 1. Flowchart detailing the study participation and adherence of pre-school-aged children and older participants (6 years and above)
to submission of stool and urine samples for the diagnosis of S. mansoni and S. haematobium in Azaguié, south Cote d’Ivoire, in mid-2011

(M = males; F = females).
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Characteristics of the study population in the two villages of Azagui¢ Makouguié and Azagui¢ M’Bromé, district of Azaguié, south Cote d’Ivoire

Azaguié¢ Makouguié

Azaguié M’Bromé

Age group (years) N Male n (%) Female n (%) P* Mean age (SD) N Male n (%) Female n (%) P* Mean age (SD) Pt
Total 242 125(517)  117(483) 0675 176 (187) 259 116 (448) 143(552) 0170  15.1(17.7)  0.881
<6 110 52(473)  58(527)  0.640  29(13) 134  62(463)  72(53.7) 0480  33(15) 0975
6-15 38 27(71.1)  11(289) 0032  9.1(27) 46 20(435)  26(56.5) 0470  9.4(27) 0968
>15 94 46(489)  48(51.1) 0866  38.1(139) 79  34(43.0)  45(57.0) 0312  382(15.0)  0.990

#Pearson’s x> test: P value comparing males with females.

+Kruskal-Wallis test: P value of mean age between villages (< 6 years, pre-school-aged children; 6-15 years, school-aged children; > 15 years, adolescents and adults).

5.5 years, with a mean of 3.2 years. There were slightly more
young girls than boys, but the difference was not statistically
significant (130 versus 114; P > 0.05). Study participants from
both villages showed similar age and sex profiles. For instance,
the mean age of the three study groups in Azagui¢ Makouguié
was 2.9 years (pre-school-aged children), 9.1 years (school-
aged children), and 38.1 years (adolescents/adults), whereas
the respective mean ages in Azaguié M’Bromé were 3.3,
9.4, and 38.2 years. Regardless of the age group considered,
no statistical difference was found between sexes in both
villages (P > 0.05).

In Azaguié Makouguié, more than two-thirds of the mothers/
guardians of pre-school-aged children were engaged in sub-
sistence farming. Trading local goods was the second main
occupation, which was reported by 27.5% of the interviewees.
In Azagui¢ M’Bromé, among the 122 mothers/guardians
interviewed, 59 (48.4%) and 38 (31.1%) were engaged in sub-
sistence farming and local trading, respectively (Table 2).

Infection with S. mansoni. Figure 2 shows the prevalence
and intensity of S. mansoni infection stratified by age group
and study village. According to quadruplicate Kato-Katz
thick smears, the overall prevalence of S. mansoni was
42.7%, with a prevalence of 46.3% in Azaguié Makouguié
and 39.4% in Azaguié M’Bromé (no statistical difference
between villages; P = 0.324).

In pre-school-aged children, based on a single Kato-Katz
thick smear, the prevalence of S. mansoni was 14.3% (N = 35).
Microscopic examination of quadruplicate Kato—Katz thick
smears found 57 pre-school-aged children with S. mansoni
eggs in their stool: 28 (25.5%) in Azagui¢ Makouguié and
29 (21.6%) in Azaguié M’Bromé. More than twofold higher
prevalence was found in school-aged children (Azaguié
Makouguié: 68.4%, Azaguié M’Bromé: 58.7% ) and adolescents/
adults (61.7% and 59.5%, respectively). Three-quarters of

the infected pre-school-aged children had light infections
(1-99 EPG), whereas only six pre-school-aged children had
heavy S. mansoni infection (> 400 EPG): five in Azaguié
M’Bromé and one in Azaguié Makougui¢. None of the
children below the age of 24 months were found to be
S. mansoni-positive in Azaguié Makouguié, but two such indi-
viduals (6.9%) were found in Azaguié¢ M’Bromé.

With regard to duplicate urine CCA cassette tests, including
trace as positive results, 89 (81.7%) of the pre-school-aged
children were found infected with S. mansoni in Azaguié
Makouguié and 96 (72.2%) were found infected with
S. mansoni in Azaguié M’Bromé. Considering trace results as
negative, the respective prevalences were 44.0% and 45.9%.

Table 3 summarizes the groups’ arithmetic means of
S. mansoni (and S. haematobium) egg counts. No difference
was found in the arithmetic mean fecal egg counts of
S. mansoni between males and females and between villages,
regardless of whether analysis was done for pre-school-aged
children or all age classes combined (all P > 0.05). However,
village-specific analysis revealed that female school-aged
children and adolescents/adults in Azaguié Makouguié had
statistically significantly higher S. mansoni fecal egg counts
(P < 0.001), whereas in Azaguié M’Bromé, the fecal egg
counts of males in both the school-aged (P < 0.001) and
adolescents/adults groups were significantly higher compared
with their female counterparts (P = 0.008).

Infection with S. haematobium. Figure 3 shows the preva-
lence and intensity of S. haematobium infection stratified
by age group and study village. In total, 62 individuals
were found with S. haematobium eggs in their urine; hence,
there was an overall prevalence of 12.4%. The prevalence
of S. haematobium was considerably higher in Azaguié
Makouguié compared with Azaguié M’Bromé (19.0% versus
6.2%). Among 110 pre-school-aged children in Azaguié

TABLE 2

Mothers’ main activity, children care, and water contact practice

Azaguié Makouguié, n (%) Azaguié M’Bromé, n (%) x? P

Mother involved in subsistence farming 56 (70.0) 59 (48.4) 2.47 0.116
Mother involved in local trade 22 (27.5) 38 (31.1) 0.17 0.682
Mother with main activity strongly linked to water 22 (27.5) 24 (19.7) 1.05 0.306
Location of pre-school-aged children during main activity

At the back of their mother 8 (10.0) 7(5.7) 1.09 0.296

In the water 0 (0.0) 1(0.8) 0.65 0.419

In close proximity to the water 1(1.3) 4(3.3) 0.79 0.375

At home with their older siblings 13 (16.3) 12 (9.8) 1.41 0.234
Knows about schistosomiasis 19 (23.8) 45 (36.9) 2.05 0.153

Knows about the place where one becomes infected 17 (21.3) 39 (32.0) 0.60 0.206
Main source of drinking water: traditional well 78 (97.5) 102 (83.6) 0.55 0.460

*Pearson’s xz test.

Complete questionnaire data were available from 122 mothers in Azaguié M'Bromé and 80 mothers in Azaguié¢ Makouguié.
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FiGurRe 2. Prevalence and intensity categories of S. mansoni
infection stratified by age categories for Azaguié Makouguié (A)
and Azaguié M'Bromé (B) in Azaguié district, south Cote d’Ivoire,
in mid-2011. S. mansoni infection intensities were categorized into
light (1-99 EPG), moderate (100-399 EPG), and heavy (> 400 EPG).

Makouguié and 134 pre-school-aged children in Azaguié
M’Bromé, based on duplicate urine filtrations, 19 (17.3%) and
8 (5.9%) individuals were found with patent S. haematobium
infections, respectively. The prevalence of S. haematobium was
similar for males and females in both study villages (P > 0.05).

Visual inspection of urine among pre-schoolers revealed
one case of macrohematuria in a 2-year-old child in Azaguié
Makouguié; 19 (17.3%) and 14 (10.5%) pre-school-aged
children had microhematuria in Azagui¢ Makougui¢ and
Azaguié M’Bromé, respectively.

Among participants aged > 6 years, 7 school-aged children
(18.4%) and 20 adolescents/adults (21.3%) were found with
patent S. haematobium infection in Azagui¢é Makouguié.
In Azaguié M’Bromé, five school-aged children (10.9%)
and three adolescents/adults (3.8%) were infected with
S. haematobium. In both villages, most of the individuals had
light S. haematobium infections (1-49 eggs/10 mL urine). No

statistical difference was found between sex and between vil-
lages in arithmetic mean S. haematobium egg counts (P > 0.05).

Other helminths and coinfection. The overall prevalence of
hookworm, Trichuris trichiura, and Ascaris lumbricoides in
the two study villages was 14.2%, 5.4%, and 2.4%, respectively.
For each soil-transmitted helminth species, lower prevalences
were found in Azaguié Makouguié compared with Azaguié
M’Bromé (T. trichiura: 0.4% versus 10.0%; A. lumbricoides:
1.6% versus 3.1%; hookworm: 11.6% versus 16.6%). Multiple
species parasitic infections were common in both villages;
38.7% of the participants were infected with at least two
helminth species concurrently. We found one 5-year-old boy
in Azaguié M’Bromé who harbored a quadruplicate helminth
species infection (i.e., S. mansoni, S. haematobium, T. trichiura,
and hookworm).

Parasite association in pre-school-aged children. Table 4
shows pairwise associations between Schistosoma infection,
age, village, and mothers/guardians’ behavioral factors. Infec-
tion with S. mansoni showed significant positive associations
with S. haematobium (OR = 9.4, P < 0.001). Pre-schoolers
with an age above 24 months were at an 8.8-fold higher odds
to be infected with S. mansoni than their younger counter-
parts (< 24 months). Pre-school-aged children staying at home
when their mothers/guardians were involved in livelihood
activities were at a 2.3-fold higher odds of S. mansoni infec-
tion compared with those children who accompanied their
mothers/guardians. Infection with S. haematobium showed
a significant positive association with S. mansoni (OR = 11.7,
P <0.001) and village (OR = 3.6, P = 0.008).

Schistosomiasis risk maps. Figure 4 shows the spatial distri-
bution of Schistosoma-infected pre-school-aged children as
diagnosed by Kato-Katz (for S. mansoni) and urine filtration
(for S. haematobium) and water contact points in Azaguié
Makouguié and Azaguié M’Bromé. Schistosoma-infected
pre-school-aged children were homogeneously distributed in
Azaguié Makouguié. In Azagui¢ M’Bromé, Schistosoma cases
were clustered among pre-schoolers living in households in
close proximity to water contact sites.

Results from the questionnaire survey and FGDs. Table 2
summarizes the results obtained from the questionnaire
administered to 202 mothers/guardians of pre-school-aged
children in the two study villages. In Azaguié Makouguié,
22 of 80 mothers interviewed (27.5%) responded that their
daily activities are strongly linked to water contact patterns,
somewhat higher than in Azaguié M’Bromé (24/122, 19.7%).

TaBLE 3
Arithmetic mean of S. mansoni and S. haematobium egg counts in pre-school-aged children (< 6 years), school-aged children (6-15 years),

and adolescents/adults (> 15 years) stratified by sex and village

Azaguié Makouguié arithmetic mean

Azaguié M'Bromé arithmetic mean

n Male Female P* n Male Female P*
S. mansoni (EPG)
Total 242 54.0 (24.7-83.2) 85.3 (49.4-121.2) 0.431 259 67.1 (38.7-95.5) 53.2 (32.6-73.8) 0.659
< 6 years 110 19.6 (0.5-38.6) 27.9 (6.4-49.4) 0.430 134 24.9 (1.8-48.0) 24.1 (3.9-44.2) 0.945
6-15 years 38 118.0 (1.5-234.7) 235.0 (0.0-482.4) < 0.001 46 112.3 (22.6-201.9) 64.7 (13.3-116.1) <0.001
> 15 years 94 55.3 (17.9-92.6) 120.4 (57.2-183.5) <0.001 79 117.5 (48.3-186.6) 93.1 (44.7-141.5) 0.008
S. haematobium
(eggs/10 mL urine)
Total 242 3.0 (1.2-4.9) 3.9 (1.5-6.3) 0.149 259 1.8 (0.4-3.1) 1.2 (1.0-1.3) 0.629
< 6 years 110 2.4 (1.3-3.7) 4.9 (0.3-9.5) 0.812 134 1.1 (0.9-1.2) 1.3 (0.9-1.6) 0.986
6-15 years 38 3.2 (0.6-5.8) 5.6 (0.0-14.7) 0.699 46 5.4 (0.0-13.6) 1.0 (0.9-1.1) 0.520
> 15 years 94 3.7 (0.0-8.4) 2.2 (1.4-3.0) 0.877 79 1.0 (0.9-1.04) 1.1 (0.9-1.1) 0.991

*Kruskal-Wallis test.
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Ficure 3. Prevalence and intensity categories of S. haematobium
infection stratified by age categories for Azaguié Makougui¢ (A) and
Azaguié M’Bromé (B) in Azaguié district, south Cote d’Ivoire, in
mid-2011. S. haematobium infection intensities were categorized into
light (1-49 eggs/10 mL urine) and heavy (> 50 eggs/10 mL urine).

In the latter village, one-half of these mothers reported
that they take their pre-schoolers with them to the water
contact sites. In Azaguié Makouguié, most pre-schoolers
are left at home while mothers/guardians pursue their daily
water chores. Knowledge about schistosomiasis was poor;
only 19 (23.8%) mothers in Azaguié Makouguié¢ and 45
(36.9%) mothers in Azaguié M"Bromé knew about the disease.
In both villages, the main source of drinking water comes from
a traditional well.

FGDs revealed no difference in the patterns of water
use between the mothers/guardians of Schistosoma-infected
pre-school-aged children and their non-infected counterparts.
Results from the FGDs highlighted that mothers give special
care to children below the age of 24 months. FGDs also
revealed that some individuals use local remedies to manage
schistosomiasis, especially the urogenital form of schistosomi-
asis. These local treatments are based on a mixture of plants

and clay. The FGDs confirmed that most of the mothers lack
detailed knowledge about schistosomiasis, but they know that
contaminated water exposes their children to health risks.

DISCUSSION

Studies going back as far as the 1960s documented that,
in specific social-ecological settings, young children suffer
from schistosomiasis before reaching school age.’*2* How-
ever, in view of peak infection prevalence and intensities usu-
ally observed in the school-aged population® and ease of
implementing preventive chemotherapy through the educa-
tion system, schistosomiasis control is centered on school-
aged children. The lack of pharmacological data and an
appropriate formulation of praziquantel for pre-schoolers are
important reasons why this age group is largely excluded from
preventive chemotherapy.”>*® However, pre-school-aged
children might be particularly vulnerable to the negative con-
sequences of an early-life infection with Schistosoma, because
they would not get treatment until entering school.?” Addi-
tionally, adolescents and adults are given far less attention
than the school-aged population when it comes to schistoso-
miasis control. Indeed, World Health Assembly (WHA) reso-
lution 54.19 sets clear treatment coverage targets for the
school-aged population, but it remains comparatively silent
on other age groups.

Recent studies confirmed that pre-school-aged children are
at risk of schistosomiasis, but in-depth epidemiologic investi-
gations are few.!> 142829 1t has also been discussed whether
preventive chemotherapy should be extended from school-
aged to pre-school-aged children.?’**~3? However, there are
a number of issues that must be addressed before policy rec-
ommendations can be made regarding the inclusion of pre-
schoolers in preventive chemotherapy. First, what is the true
extent of Schistosoma infection in pre-school-aged children in
different epidemiologic settings? Second, what are the key
risk factors that drive the epidemiology of schistosomiasis in
pre-school-aged children? Third, can the prevalence and inten-
sity of schistosomiasis in school-aged children serve as prox-
ies for pre-school-aged children and adolescents/adults to
better target control and enhance disease burden assessment?

The current study, pursuing a cross-sectional design, deep-
ened our understanding of the epidemiology of schistosomiasis
in two villages in south Cote d’Ivoire that are highly endemic
for schistosomiasis but have not been subjected to large-scale

TaBLE 4
Association between schistosome infections in pre-schoolers adjusted by age, village, and mothers’ behavioral factors (N = 244)

Association Adjusted OR (95% CI) P
S. mansoni
S. haematobium 9.4 (5.1-17.2) < 0.001
Children ages < 24 months (reference) 1.0
Age group (2-5 years) 8.8 (3.3-23.5) <0.001
Children accompanying their mothers to livelihood activities (reference) 1.0
Children stayed at home with their elders 2.3 (1.5-3.5) 0.017
S. haematobium
S. mansoni 11.7 (6.4-21.4) < 0.001
Azaguié M'Bromé (reference) 1.0
Azaguié Makouguié 3.6 (1.9-6.6) 0.008

Logistic regression was used to assess the association between schistosome (S. mansoni and S. haematobium) infections adjusted by age and village and the association between S. mansoni or
S. haematobium as outcome and S. mansoni or S. haematobium, age (< 24 months and 2-5 years), and village (Azagui¢ Makouguié and Azaguié M’Bromé) as explanatory variable. Age category
< 24 months was used as baseline for comparison with age category 2-5 years. Azagui¢ M’Bromé was used as baseline for comparison with Azaguié Makougui€. S. mansoni and S. haematobium

infections results were expressed as binary variables (positive/negative).
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FIGURE 4. Map showing the town of Azaguié¢ and its surrounding villages and settlements in south Cote d’Ivoire. The two villages where
the current study was carried out are highlighted with asterisks. The accompanying risk maps show water contact points and the spatial distribution
of households inhabited by at least one pre-school-aged child with no schistosome infection, monoinfection with either S. mansoni or
S. haematobium, or coinfection with both schistosome species as determined by the Kato-Katz technique (for S. mansoni) and urine filtration

(for S. haematobium).

administration of praziquantel before. We used a reasonably
sensitive diagnostic approach with quadruplicate Kato—Katz
thick smears for the diagnosis of S. mansoni and duplicate
urine filtration for detection of S. haematobium eggs in all
study participants. Additionally, in pre-school-aged children,
areagent strip was used for assessment of microhematuria, and
a urine CCA cassette test was used for diagnosis of S. mansoni.

Our study confirmed that pre-school-aged children are at
risk of schistosomiasis. One boy, before reaching his first
birthday (8 months), had a patent S. mansoni infection, which
was revealed by the Kato—Katz technique. Considering urine
CCA test results, the earliest infection with S. mansoni
was found in a 3-month-old boy."® Previous studies have
highlighted such early Schistosoma infection in areas of high
endemicity.?>?%333* The negative health impact of such early
infections has been emphasized.>"*->3¢ Our observation of

CCA detected in the urine of a child as young as 3 months
in the absence of S. mansoni eggs in fecal samples is in line
with recent observations from a study in Uganda using dif-
ferent approaches for detecting Schistosoma infections in
pre-school-aged children.®® It might be explained by CCA
from the mothers’ colostrums®’ or CCA produced by the
young developing stages of the worm before patency (hence,
before egg production commences).'¥’ New research is
needed to further elucidate this issue, which will be important
to clarify operational research and control issues and help
interpret diagnostic results. First, assuming that infants
receive CCA from their mothers’ colostrums would jeopar-
dize the use of urine CCA as a diagnostic assay in very young
children. Indeed, based on positive urine CCA test results in
the pre-school-aged population, one might suggest extending
preventive chemotherapy to this age group. Second, if CCAs
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are accrued from juvenile worms, CCA might be an early
indicator, allowing for efficient surveillance of schistosomiasis
in endemic areas. However, because praziquantel is not effec-
tive against the young developing stages of S. mansoni,>®
treatment must be scheduled accordingly.

Overall, between 5.9% and 21.6% of the pre-school-aged chil-
dren investigated had patent S. haematobium (the prevalence
could be underestimated because of our urine sample col-
lection approach), and between 17.3% and 25.5% of the
pre-school-aged children investigated had patent S. mansoni
infections. Conversely, between 52% and 10.9% of the
pre-school-aged children were coinfected, which is consider-
ably higher than what would have been expected by chance
(i.e., 1.0-5.5%). Our findings corroborate with recent results
presented by Garba and others'? from highly endemic vil-
lages in Niger. The consequences of dual species infections
in the same body of pre-school-aged children have yet to
be investigated.

In the present study, most of the S. mansoni and
S. haematobium infections in pre-school-aged children were
of light intensity, which is in line with studies carried out else-
where in sub-Saharan Africa.>*?” Nevertheless, we observed
12 (4.9%) pre-school-aged children heavily infected with
either S. mansoni (> 400 EPG) or S. haematobium (> 50 eggs/
10 mL urine). All of these children were above 3 years of age.
To our knowledge, pre-school-aged children never received
praziquantel treatment in the current study settings. Hence,
the heavy infections observed in 12 pre-school-aged children
above the age of 3 years are the likely result of very early
infection followed by cumulative infections over time.®

For both Schistosoma species, we observed specific age—
prevalence curves and intensities in both study villages.
Although it is commonly believed that the peak of Schistosoma
infection prevalence occurs in children between 6 and 15 years
of age (school age), age patterns in the intensity of infection
are less clear cut, with variations generally attributed to the
level of contact with contaminated freshwater bodies.”’
In our study, considering the burden of schistosomiasis as
expressed by arithmetic mean egg counts, we concur that,
in both communities, pre-school-aged children, regardless
of their sex, were similarly exposed to contaminated fresh-
water bodies. However, in school-aged children, adolescents,
and adults, S. mansoni infection intensities were sex-dependent
(higher risk in males), whereas for S. haematobium, no sex
difference was observed. Hence, sociocultural factors might
govern sex-specific water use.>* Additionally, setting-specific
abiotic and biotic features govern the development of
intermediate host snails. Taken together, the interplay of
these factors could explain the observed age prevalence and
intensities profiles.***!

In addition to our parasitologic investigations, we also
determined risk factors for schistosomiasis in pre-school—
aged children by conducting a series of FGDs with mothers
and administering a structured questionnaire. Interestingly,
we found no difference in common water use practices
between mothers of Schistosoma-infected and non-infected
children. Hence, no specific behavior of mothers could
explain the difference in the infection status of pre-school-
aged children. The questionnaire showed that, in both vil-
lages, most mothers left their young children at home with
their elder siblings when pursuing daily livelihood activities
in the fields, near water bodies, or at the market. Multivari-

able logistic regression revealed that pre-school-aged chil-
dren staying at home were at a twofold higher odds of
Schistosoma infection than their counterparts accompanying
their mothers during daily livelihood activities. It is conceiv-
able that most of the infections in pre-school-aged children
occur at times during which pre-school-aged children are
taken along to the river by their elder siblings for swimming,
bathing, washing, or fishing activities. FGDs revealed that
mothers are aware that the river is an important source of ill
health, but the river remains essential for their many needs
because of a lack of alternative water sources (for washing and
drinking purposes). In the absence of a functioning health
system, villagers use herbal remedies to treat schistosomiasis,
particularly urogenital schistosomiasis.

In Azaguié Makouguié, we observed a rather homogenous
distribution of Schistosoma-infected pre-school-aged chil-
dren, whereas in Azaguié M’Bromé, there was clear cluster-
ing of schistosome infections in households located in close
proximity to the main river. It is important to note that, in
Azaguié Makouguié, only one traditional well exists. How-
ever, in Azaguié M’Bromé, several water sources are avail-
able (several traditional wells and one water pump). It follows
that a minimum improvement in safe water supply could sig-
nificantly influence the risk for pre-school-aged children and
other community members to be exposed to Schistosoma
infections. Tchuem Tchuenté and others* in 2001 showed
that the installation of a single water pump in Kinding Ndjabi
village, Cameroon, was an important feature in reducing
schistosomiasis transmission.

In conclusion, our study shows that schistosomiasis is
governed by social-ecological contexts. Indeed, this parasitic
disease is intimately linked with poverty, lack of essential
social services and infrastructure (e.g., clean water, improved
sanitation, hygiene, and health systems), and close proximity to
small rivers and standing freshwater bodies on which people
depend for their daily occupational and recreational activities.
Community members are at high risk of schistosomiasis, and
infections occur very early in childhood. However, in our study,
prevalence and intensity of infection in pre-school-aged chil-
dren were relatively low, and hence, young children might
warrant treatment just one time before age 5 years. Improve-
ment of water supply, sanitation, and hygiene and strengthen-
ing of the health system are necessary to reduce people’s
exposure to infested freshwater bodies.
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